The double-muscle phenotype is an inherited condition in Piedmontese cattle traced to a point mutation in the myostatin gene. To investigate the potential role of muscle-specific miRNAs in determining muscle development in cattle, this study examined the patterns of expression of microRNAs (miRNA-1) and miR-NA-206 in Piedmontese and Friesian cattle according to phenotype and sex. There were no significant differences in miRNA-1 expression between different muscle phenotypes, sexes or breeds, whereas there was significantly higher expression of miRNA-206 in female Piedmontese compared with female Friesian cattle.
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The muscular hypertrophy, or double-muscle, phenotype is an inherited condition in cattle that primarily results from an increase in the number of muscle fibres (hyperplasia) rather than the enlargement of individual muscle fibres (hypertrophy) relative to normal cattle (Grobet et al., 1997) . Muscular hypertrophy in Piedmontese cattle has been traced to a point mutation in the myostatin gene (GA), resulting in conversion of cysteine to tyrosine. This mutation alters the function of myostatin as a negative regulator of muscle growth, thereby inducing muscle hyperplasia and hypertrophy (Berry et al., 2002) . The Piedmontese breed has been systematically selected for double muscling to the point of fixation in many herds (>98% homozygosity in the Piedmonte Region).
MicroRNAs (miRNAs) are small, highly conserved, non-coding RNA molecules that regulate gene expression by binding with imperfect complementarity to mRNA. In post-transcriptional gene regulation, mature miRNA that does not match the non-coding region at the 3 0 -UTR mRNA target is degraded (Williams, 2008) . Through this mechanism, miRNAs are involved in differentiation, morphogenesis, development and cell regulation.
miRNAs may contribute to phenotypic variability in cattle selected for the myostatin gene mutation. In finfish, a target for miR-NA regulates mutations of the myostatin gene (De Sanctis et al., 2008) . The GDF8 allele of Texel sheep is characterised by a G ? A transition in the 3 0 -UTR that creates a target site for miRNA-1 and miRNA-206, which are highly expressed in skeletal muscle.
This causes translational inhibition of the myostatin gene and contributes to muscular hypertrophy in Texel sheep . Analysis of human and murine single nucleotide polymorphism databases demonstrates that mutations creating or destroying putative miRNA target sites are abundant and therefore might be important sources of phenotypic variation . In this study, we report the pattern of expression of miRNA-1 and miRNA-206 in Piedmontese and Friesian cattle.
Samples of longissimus muscle were collected at routine slaughter from 20 Piedmontese and 20 Friesian male (n = 10 per breed) and female (n = 10 per breed) cattle aged 16-23 months. Muscle phenotype was based on visual estimation of muscle profiles (4 animals for each examined profile) through the use of grid assessment SEUROP (S, super; E, excellent; U, abundant; R, good; O, medium; P, low). RNA was extracted from samples collected immediately after slaughter and reverse transcribed. TaqMan miR-NA assays were used to quantify miRNA-1 and miRNA-206 expression; results were normalised against miRNA-16. There is 100% homology between humans and cattle for miRNA-1 and miRNA-206 (Supplementary data).
Data were analysed by comparing all samples of the Piedmontese breed vs. all samples of the Friesian breed, samples of the two breeds divided by sex and, in the Piedmontese breed, animals classified as S or E vs. U, R or O. Analysis of variances between groups and interactions were calculated by two-way analysis of variance (ANOVA). When significant differences were found, means were compared using the Wilcoxon signed-rank test.
There were no significant differences in miRNA-1 and miRNA-206 expression among different muscle phenotypes; miRNA-1 expression was D Ct 3.8 ± 0.5 in S/E vs. 4.1 ± 0.3 in U/R/O profiles, while miRNA-206 expression was 4.7 ± 0.02 in S/E vs. 4.7 ± 0.9 in U/R/O profiles (mean ± SD). There were no significant differences in expression of miRNA-1 and miRNA-206 between the two breeds when data were analysed overall. However, in female cattle, there was a significantly higher expression of miRNA-206 in the Piedmontese breed (n = 10, D Ct 4.9 ± 0.7) compared to the Friesian breed (n = 10, D Ct 2.8 ± 0.8, P < 0.01) ( Table 1) .
miRNA-1 and miRNA-133a are involved in skeletal muscle differentiation and in cardiac development and disease (Yang et al., 2007) . The mature form of miRNA-1 is expressed in the heart, but not in the brain, kidney, liver or lung, and may have a tissuespecific role (Lagos-Quintana et al., 2002) . miRNA-206 is a member of the miRNA-1 family and is specifically expressed in skeletal muscle, being absent or expressed at relatively low levels in other tissues. Thus, miRNA-206 may be involved in development and function of skeletal muscle, whereas miRNA-1 appears to be less specific for this tissue (McCarthy and Esser, 2007) .
We did not observe any significant differences in expression of miRNA-1 in Piedmontese and Friesian cattle when analysed by breed, sex or muscle phenotype. Similarly, there were no significant differences in expression of miRNA-206 according to category of carcass muscularity within the Piedmontese breed. However, miRNA-206 was upregulated 4-fold in Piedmontese females compared with Friesian females. Since this difference was only observed in females, we hypothesise that there is a hormonal effect on regulation of expression of miRNA-206.
A direct functional role of miRNA-206 in oestrogen receptor a signalling has been reported in breast cancer cells (Adams et al., 2009) . However, there is little data on the relationship between oestrogens and miRNA-206 in muscle development. Further studies should investigate if changes in oestrogen levels may influence miRNA-206 regulation of gene expression in skeletal muscle.
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